Abstract: Several fully tert-butyldimethylsilyl protected monosaccharides reacted with boron trichloride in tetrahydrofuran to effect a regioselective cleavage at the sites of primary alcohols. An application of this methodology was illustrated in an efficient approach to the synthesis of L-gulose from D-gluconolactone.
Selective protection and deprotection of polyfunctional molecules present a critical challenge in organic synthesis. Particularly in carbohydrate chemistry, many problems result from how to distinguish multiple hydroxyl groups of similar reactivity. A variety of trialkylsilyl groups have been developed for the protection of free hydroxyl groups due to their easy preparation and selective attachment. [1] [2] [3] In order to remove the silyl protection of a primary alcohol selectively in the presence of secondary and tertiary ones, most methods require distinguishable silyl groups for different hydroxyl functionalities. 4 This process often increases the difficulty of preparation and the number of synthetic steps. 4 It would be desirable that one can use only one silyl group for protection of several hydroxyl groups in a molecule, and the subsequent deprotection can be conducted in a regioselective manner. Although effective procedures have been used in some specific examples, 5 there are only a few reports on such selective deprotection of carbohydrate molecules. 6 In the course of L-gulose synthesis, we found that BCl 3 was effective to cleave primary tert-butyldimethylsilyl (TBDMS) ether without affecting the same groups at secondary positions.
In our initial attempt to remove the isopropylidene group from compound 1 by using BCl 3 , a side product of triol 2 derived from concurrent cleavage of a TBDMS group was obtained, in addition to the desired product of 1,2-diol. The yield of 2 increased as the reaction time prolonged. Despite the fact that boron trihalides have been extensively employed in the cleavage of alkyl and aryl ethers, only BF 3 ∑OEt 2 is occasionally used in the deprotection of silyl ethers. 7 We thus prepared six fully TBDMS-protected sugar molecules 3−8, and studied their reactions with BCl 3 .
The preparation and characterization of γ-and δ-sugar lactones deserved attention. The commercially available D-gluconolactone in its δ-lactone form was subjected to silylation with tert-butyldimethylsilyl trifluoromethanesulfonate (TBDMST f ) in the presence of pyridine. Surprisingly, the silylation in CH 2 Cl 2 generated the γ-lactone 5 (86% yield) whereas that in DMF gave the δ-lactone 6 (90% yield). 8 It is unique that the choice of reaction solvent led to the formation of different lactones. However, silylation of D-galactonolactone in its γ-lactone form afforded exclusively the corresponding γ-lactone 3 (quantitative yield in DMF), no matter which solvent was used. The δ-lactone analog 4 was prepared from compound 7 in two steps (80% overall yield): (i) removal of the benzyl group by hydrogenolysis, and (ii) subsequent oxidation with pyridinum chlorochromate. Compounds 7 and 8 were synthesized from D-galactose and D-mannose in 84% and 82% yields, respectively, by modified procedures of known method. 9 The γ-and δ-lactones 3−6 were readily distinguished from their 13 C NMR spectra. The C-1 resonances of γ-lactones 3 (at δ 173.6) and 5 (at δ 174.0) occurred consistently at lower fields than those of δ-lactones 4 (at δ 170.7) and 6 (at δ 169.6). In the IR spectra, γ-lactone 3 and 5 showed ).
As shown in Table, the TBDMS protective groups at the C-6 positions of 3−8 were selectively removed by using BCl 3 in THF to give the corresponding alcohols 9−14 in 63−83% isolated yields, along with some recovered starting materials. On the basis of 1 H NMR analysis, the two C-6 protons in individual products 9−14 were non-equivalent, exhibiting as two sets of ddd due to coupling with H-5 and the newly generated hydroxyl group. The reaction of 6 was complete in 0.2 h at 25°C (entry 2), whereas the reactions of 4 and 7 required a higher temperature and/ or a prolonged period (entries 4 and 7). The lower reactivity in the deprotection reactions of 4 and 7 might be attributable to the steric effect of the axial substituents at the adjacent carbons (C-4).
When the reaction was performed in CH 2 Cl 2 , other side products resulting from over-deprotection were observed in addition to the desired mono-deprotection product. For instance, compound 6 was deprotected by BCl 3 in CH 2 Cl 2 to give compound 12 in 46% isolated yield, albeit in company with several side products and starting material in significant amounts. On the other hand, regioselective deprotection of 6 was achieved in THF by using the BCl 3 reagent of 10% (w/w) solution in 2-chloroethanol (entry 4). 10 It was remarkable that substitution of THF for CH 2 Cl 2 resulted in the formation of the desired product 12 (83% yield). Although the BCl 3 ·THF complex was less reactive, it appeared to be selective in cleavage of the TBDMS group on primary alcohol but inert to those on secondary alcohols.
11 A similar effect of 2-chloroethanol could also be applied.
This method for selective deprotection of TMDBS group was applicable to the synthesis of L-gulose, a key sugar component of the antibiotic bleomycins. The primary alcohol 12, obtained by treatment of compound 6 with BCl 3 in THF, was oxidized with Dess-Martin periodinane to give the aldehyde 15 (Scheme). The resulting functionality was masked as the dimethyl acetal 16 by using LaCl 3 and trimethyl orthoformate. 12 Further reduction with NaBH 4 and deprotection of the acetal in acidic conditions would produce L-gulose as the final product. This work is currently in progress and will be published in due course.
Scheme
In summary, our present study is the first report on using BCl 3 
